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Microbicidal Compositions and Methods 



T.e present invention concerns microbicidal cornposmo- ^ 
Mere specificeliy. the present invention concerns m,c,ob.c,dal comp 
methods employing aliphatic peracids as microoic o . 

L-nnwn in the art. Such 

^doced environmental impact and « into 

Many of «he micro-organisms on «^T£ P £^ » "«*-» « 
the classes of bacteria and vruses. In parpcular, the re especlally 

in areas where the, MS a r sk Qf g microbicidal 
clinics, in such areas, ,t rs eater reductions in numbers 

mnro rnct-effective use of the treatment. 
25 " 3 ra; P ~s o, aliphatic peracids. the peracid is supplied as a 

concentration that w, ^J^^ET- - site of use. 
cases, it is convenient to dilute wren ma , eve | 5 of cations. 

3 „ which, in many parts of the world, can conta £ * ^ 
particularly calcium and magnesium ,ons. wh,c ^ , eading 
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caused by hard water adds to the cost of the formulations, and is less favoured 
as it can also result in the sequestrant solubilising normally insoluble toxic 
heavy metals present in the natural environment, encouraging their entry into 
the water system. It would therefore be advantageous to identify aliphatic 
5 peracid compositions intrinsically having improved stability in hard water, in the 
absence of or in addition to that obtained by the incorporation of a sequestrant. 

The microbicidal activity of aliphatic peracids is believed to derive from the 
oxidation of chemical components of micro-organisms, and so the peracid is 
decomposed during such action. As such, the activity of solutions containing 

10 peracids as the only active component is normally restricted by the stability of 
the peracid in use. The mechanism of action of peracids means that they are 
very suitable for use in shock treatment regimes wherein the levels of micro- 
organism are reduced significantly by periodic dosing. In cases where the 
substrate that has been treated with a shock dose of peracid is subject to re- 

15 contamination during eg storage or further processing, the numbers of micro- 
organisms can rapidly reach similar levels to those prior to the treatment, thus 
necessitating further treatment. It would therefore be desirable to reduce the 
frequency of these chemical treatments by providing an aliphatic peracid 
system which maintains its anti-microbial activity over an extended period. 

20 It is an object of certain aspects of the present invention to provide 
aliphatic peracid solutions having improved activity against viruses. 

It is a further objective of some aspects of the present invention to provide 
aliphatic peracid solutions having improved stability when diluted with hard 
water. 

25 it is another objective of particular aspects of the present invention to 
provide aliphatic peracid solutions having residual anti-microbial activity. 

According to one aspect of the present invention, there are provided 
compositions comprising an aqueous solution of an aliphatic peracid, the 
corresponding aliphatic acid, hydrogen peroxide, and optionally one or more 

30 other aliphatic acids, characterised in that the mole ratio of aliphatic acid to 
peracid is greater than 5:1. 

According to a second aspect of the present invention, there are provided 
compositions with improved activity against viruses which comprise an 
aqueous solution of at least one aliphatic peracid. at least one aliphatic acid and 

35 hydrogen peroxide, characterised in that the mole ratio of aliphatic acid to 
peracid is greater than 5:1. 
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According to a third aspect of the Present invention, there are provided 
comp hionsU proved stability when diiuted with harder which 
™morise an aqueous solution of at least one aliphatic peracd at least one 

hydrogen peroxide, characterised in that the m ole ra„o of 

5 aliphatic acid to peracid is greater than 5:1. provi ded 
According to a fourth aspect of the present .nvention. there are prov 
compels wKh improved residua, activKy which ^^"Z 
solution of at least one aliphatic peracid. at least one , auph be acd and 
hydrogen peroxide, characterised in that the mole rat.o of al.phanc acd 



10 



Pe 'tU S rdi r nTto ^aspect of the present invention, there is provided a 
JZ£L * which a virus is contacted with 
comorises at least one aliphatic peracid at least one aliphatic acd and nya 
peroxide characterised in that the mole ratio o, emphatic acid to peracd ,s 

' » a sixth aspect o, the present invend on ^there Is provided a 

hrocess for producing a dilute aqueous solution of an al,phat,c peracd hav g 
r D rovad stability in which a concentrate containing an aiiphatic peracd. 
Z a i^ and" hydrogen peroxide is diluted with hard water, characterised 

0 hat the moie ratio of aliphatic acid to peracid is ^han 5 1 

According to a seventh aspect of the present .nvent.on there ,s prov d 
m icrobicida, process having improved residual '"^jX^ eous 
which may be contaminated by rn.cro-organ.sms is contacted w.th an aq 

riThich comprises at ^^^^Z ZZ 
5 acid and hydrogen peroxide, charactenseo 

an aqueous soiuuu ^hnrarterised in that the mole ratio of 

3 0 aliphatic acid and hydrogen perox.de, characterised 

aliphatic acids to peracid is greater than 5 : _1 . disinfec tant 

The aliDhatic peracid can be any aliphatic peracd tnat no* 
pi f Jt However In many embodiments, the aliphatic peracid is se.ec ed from 
effect. However, m ma y inr iiiriP low molecu ar weigh 
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peradipic acid, particularly mixtures of persuccinic, perglutaric and peradipic 
acids. The peracid may alternatively be selected from hydroxy-peracids, for 
example percitric or pertartaric acid. In most preferred embodiments, the 
peracid is peracetic acid. 
5 The other aliphatic acids which are optionally included in the compositions 
according to the present invention are selected from the group containing from 
1 to 6 carbon atoms, and are preferably acetic or propionic acid. 

The compositions according to the present invention and employed in 
processes according to the present invention are often solutions comprising an _ 
10 equilibrium mixture of an aliphatic peracid, the corresponding aliphatic acid, 

hydrogen peroxide, water and, when optional additional aliphatic acids are also . 
present, the corresponding peracid. 

In many embodiments, aliphatic peracids comprise greater than about 0.1% 
by weight of the composition, often from about 0.5% to about 20% by weight, 
15 and most often from about 1 to about 15% by weight. 

In compositions according to the present invention, the mole ratio of 
aliphatic acid to peracid is greater than 5:1. In many embodiments, the mole 
ratio is from about 10 : 1 to about 40 : 1, and some preferred embodiments, 
the mole ratio is from about 13: 1 to about 25 : 1 . 

2 0 Hydrogen peroxide typically comprises from about 0.5 to 20% by weight of 

the compositions according to the present invention, often from about 0.75 to 
about 15%, and most often from about 1 to about 10% by weight. It will be 
recognised by one skilled in the art that for an equilibrium peracid solution 
having a high ratio of aliphatic acid to peracid, the concentration of hydrogen 
25 peroxide necessary to give an equilibrium composition is often very much lower 
than for an equilibrium composition having a lower ratio of aliphatic acid to 
peracid. This means that for compositions having equivalent available oxygen, 
a greater proportion of the active oxygen is present in the more microbicidally 
active component ie the peracid if there is a lower concentration of hydrogen 

3 0 peroxide than if there is a higher concentration of hydrogen peroxide. Thus, 

compositions according to the present invention will usually have a greater 
microbicidal activity for a given active oxygen concentration than compositions 
not according to the present invention. 

The compositions according to the present invention often additionally 
35 comprise one or more stabilisers to further prolong the storage stability of the 
peracid. Such stabilisers are well known in the art, and often comprise 
alkyleneaminopolymethylene phosphonic acids, eg cyclohexyldiaminomethylene 
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pnosphonic acid and Its salts o, hydroxyethylibane diphosphonic acid or salts 

ther othar optional components of compositions according to the present 
invention are mineral acids, especially sulphuric, phosphonc and n, r c ac.d. 
5 which are often employed as catalysts to speed the aqui.lbrat-on of the 
compositions during manufacture, corrosion inhibitors, wetting agents. 

can he selected from the group consisting o, 
alkali metal phosphate salts, especially disodium and dipotassium 
10 hydrogenphosphate, triazoles, phosphonates, especially 
cyclohexyldiaminomethylene phosphonic acid and its salts. 

These optional components can also be employed 
compositions according to the invention by supplying a two ^ 
which one solution la a composition according to the present ,nvent,o .and the 
« Tther is a solution of other components. These two packs can ther , bo, be 
d luted in the same solution to form a further composition, also accord ng to the 
p esent invention. Such an approech has the advantage that „ ,s poss.b e to 
include in the diluted composition components with desirable propert.e he, 
would edverseiy affect the storage stability of the peracid solution over en 
2 o extended period, bu, which do not significantly affect the stab.lity of the 
20 p" fd over the storage period o, the diluted solution, which is 

that of the non-diluted compositions, or at the concentrate >n the dilution. 

Wetting agents can be either anionic, cationic. amphoteric or nomon ^ 
Particularly suitable wetting agents are alkaryl sulphomc adds or the.r salts, 

25 and alcohol ethoxylates. M ««iontiw hp 

The compositions according to the present invention can conveniently be 

prepared by mixing an organic acid or anhydride with hydrogen peroxide ,„ 
aaueous solution, in the presence of any additional components, a, a 
temperatutm the region of from tooc to about 50OC and allowing to reach 

30 eqU '~mposi«ons according to the present invention can be employed as 
anti-vta, "gents, especially in the field of medical in— dis^c - 
When employed in such an application, the composmons are offer .diluted |us 
Trior to use The dilution is chosen to be such that the concentrat.cn of 

35 ac n often be up to about 2% by weigh,, although - 
usually from abou, 0.001 % ,o about 1 %, preferably from about 0.002 A to 
Tou! 0 75%. Often, the dilution is by a factor of from about ,0 fmes to 
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about 10,000 times, more often from about 25 times to about 5,000 times, 
depending on amongst other factors, the concentration of peracid in the 
starting composition. 

The temperature employed for use of the composition is often greater than 
5 about 10°C, often between about 15°C and 75°C, more often between about 
17°C and 35°C. It is particularly preferable that the compositions are 
employed at ambient temperature, and so it will be recognised that this can 
vary significantly, although the temperature is often likely to be controlled to a 
certain extent by the use of, for example, air conditioning. 

10 The compositions can be employed as virucidal agents on or in a wide 
range of articles, surfaces or media that are contaminated with viruses, and 
may also be employed on objects where there is a risk of virus contamination. 
They are particularly suited to the disinfection of hard surfaces and objects 
containing metal, especially aluminium, brass, copper and steel. The 

15 compositions are also suited to the disinfection of cloth articles, for example 
medical dressings, and aqueous media. 

The compositions can be applied to the article or surface in a large number 
of ways. For example, they can be sprayed or can be wiped using a suitable 
distributor, eg a cloth. In many embodiments, however, the compositions are 

20 employed as a soak bath in which the article to be disinfected is immersed in 
the bath, and then rinsed after treatment to remove substantially all of the 
disinfectant. 

The contact period employed can vary widely depending on the area of 
application, and the concentration of disinfectant. In many embodiments, the 

25 contact period is greater than about 30 seconds. In certain preferred 

embodiments, the contact period is from about 1 minute to about 60 minutes, 
although it will be recognised that periods significantly longer than this may be 
employed in cases where the compositions are employed as a soak bath, for 
example, up to 24 hours or more. 

3 0 In many applications where the peracid solution is in the form of a relatively 
concentrated solution which is diluted with water prior to use, it is desirable 
that the dilute solution produced is employed within a reasonably short period 
after dilution because, unless the dilution water has been treated to remove 
impurities prior to use as a diluent, the impurities present in the water can 

3 5 cause a significant reduction in the peracid concentration, and thus reduce the 
effectiveness of the solution. Typical of the impurities which can cause such a 
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decomposition are those which are the cause of water hardness, for exampie. 
divalent metal carbonate or bicarbonate salts. „.„„„, th „ 

„ has been surprisingly found that when compositions ^*»*V 
present invention are diluted with hard water, ie water contains greater than 
5 about 75ppm and up to about 1500ppm (expressed as CaC0 3 . of hardness. 
,he solutions produced have improved stability when compared to similar 
dilutions of peracid compositions not according to the present invention 

It will be recognised that less attention has been paid to improving the 
ste bHity of solutions that ere diluted iust prior to use compared with solutions 
10 P epa^d for long term storage, where the peracid should deslrab y be = d 
L several months. In many cases, it is preferable for the peracid » " 
diluted just prior to use to be stable tor a period of several days depending on 
the application, sometimes up to 10 days, often up to 6 days and in many 

15 "leTacTd solXns prepared iust prior to use can have a very widerange 
of peracid concentrations depending on the application, and the conditions 
uX which they are to be applied. The concentretion of peracd can often be 
U p to about 2% by weigh,, although the concentration is usually from about 
0.001% to about 1%. preferably from about 0.002% to about 0.75 
20 in many applications for peracid solutions, particularly disinfectant 

app calns. the soiution is employed as a shoe, treatment and is reguired o 
have a rapid biocidal effect without any need for residual activity. However, 
certain applications, particularly where the substrate is subject to re- 
contamination, tor example when the substrate is recycled aqueous process 
« liouors as in the paper industry or in cooling water treatment, it is 

advantageous if the solution has activity which remains beyond 

activity period of the peracid alone. In many instances, the recycled process 

o Ire subject to regular shock treatment, bu, there ere often periods when 
the shock treatment biocide is less effective and so unless all the micro- 
,o oroanisms have been killed, the microbial numbers can increase. Also ,n these 
30 r elctive periods, the disinfectant can often be insufficiently active to 

control fresh microbial contamination. In these cases. ,t is often no """"" 
Z the residua, activity to be sufficient to have a significant 
sufficient for the residual activity to be sufficient to prevent or inhibit significant 
,s increases in the microbial population, ie to be biostatic. 

ft has been surprisingly found that the peracid compositions according to 
the presam Mention have superior residua, microbicidal activity, and also that 
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their performance as a shock treatment are improved when compared to similar 
peracid compositions not according to the present invention. 

It will be recognised that the concentration of peracid employed in 
applications as a shock treatment with residual activity can vary widely 
5 depending on application and the conditions under which it is employed. The 
concentration of peracid is often up to about 2% by weight, although the 
concentration is usually from about 0.001 % to about 1 %, preferably from 
about 0.002% to about 0.75%. 

There are many areas of application for compositions according to the 
io present invention where the improved residual activity is of advantage. 

Examples include the disinfection of sugar beet process liquors, cooling water 
and other circulating water systems, aqueous pulp and paper process liquors, 
animal feed and grain. 

The peracid compositions "may be dosed manually, but in many 
15 embodiments, the dosing is automatically controlled by the use of a metering 
pump and a suitable control system which can deliver the peracid according to 
a pre-determined programme. The peracid can be dosed in a number of 
different ways, for example as a liquid or as a spray by using suitable 
equipment known in the art. 
20 Another area of application for compositions according to the present 

invention is in the area of fruit and vegetable disinfection. Peracid systems are 
well known for disinfection in this area, either alone or in a two stage process 
in combination with a reducing agent which prevents excess peracid from 
oxidising and discolouring the fruit or vegetable being disinfected. The 
25 concentration of peracid is often up to about 0.2% by weight, although the 
concentration is usually from about 0.0001 % to about 0.1 %, preferably from 
about 0.0005% to about 0.05% by weight. 

Typical reducing agents include alkali metal salts of sulphite, metabisulphite 
and thiosulphate, ascorbic acid and such like, with the most preferred reducing 
30 agent being sodium thiosulphate. The concentration of reducing agent 

employed is typically chosen to ensure adequate removal of excess peracid and 
so the concentration can vary quite widely depending on, for example, the 
concentration of peracid employed. In many cases, the concentration of 
reductant solution is in the range of from about 0.5g/l to about 50g/l, 
35 preferably from about 1g/l to about 10g/l. 

It has surprisingly been found that peracid compositions according to the 
present invention give superior disinfection and residual activity compared to 
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peracid compositions hot accordin 9 to the present invent,on . Use of 
compositions according to the present invention in e two stage P™TT^ 
sbdium thiosulphate as reducing agent also surphsingiy gives 
vegetable appearance after storage for up to 5 days, parfcularly ,n the case of 

lettuce disinfection. 

The treatment time for use of compositions according to the present 
invention in fruit and vegetable disinfection is often from about 1 m.nute to 
about 60 minutes, and is most often from about 2 minutes to about 30 
minutes. When a reductant is emp.oyed, the contact time for the reductant ,s 
often from about 1 minute to about 30 minutes, most often from about 2 
lutL to about 15 minutes. ^^^^^^1^^^. 
any subsequent reduction stage take place can vary over a wde range but- 
often ambient temperature, and so is usually likely to range from about 1 0 o C to 
about 30°C in the United Kingdom, but may differ in other countr.es 

Having described the invention in general terms, embodiments of the 
invention will now be described more fully by way of example only. 
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Example 1 . Preparation of Peracid Composition according to the present 
invention. 

50.85g of glacial acetic acid, 38.05g of demineralised water, 11.1g of 35% 
w/w hydrogen peroxide solution, 1 .0g 50% w/w hydroxyethylidenedimethylene 
5 phosphonic acid solution, 0.1 5g of dipicolinic acid solution (10% w/w in 5% 
w/w NaOH solution) and 0.7g of 98% w/w sulphuric acid solution were mixed 
at room temperature. After 1 week, the solution was analysed as having the 
following composition (all % by weight): 

10 Peracetic Acid 3.89% 

Hydrogen Peroxide 2,21 % 
Acetic Acid 52.52% 
Mole Ratio of 1 7 : 1 

Peracid : Acid 

15 

Example 2. Activity against Viruses 

A stock of Polio 2 virus containing 1.8 x 10 8 plaque forming units per ml 
(pfu/ml) was treated in a disinfection suspension test at room temperature 
(about 20 - 25°C) in the presence of horse serum (10%v/v) with a solution of 

2 0 peracetic acid according to the present invention of formula A below, and also 

with a solution of peracetic acid not according to the invention of formula B 
below. The two solutions were each diluted to give applied peracetic acid 
concentrations of 800ppm and 1600ppm. Contact times of both 5 and 10 
minutes were evaluated. Neutralisation after the contact time was by 1/1 0th 
25 dilution in 5% w/v sodium thiosulphate solution also containing 0.025%w/v 
catalase. Surviving polio virus was then evaluated by plaque assay according 
to the method given by Morris and Waite, "Evaluation Procedures for the 
Recovery of Viruses from Water. II Detection Systems", Water Research, 1980, 
Vol 14, pp795-8 on the Buffalo Green Monkey cell line and the Logarithmic 

3 0 Reduction Factor (LRF) calculated. The results are given in Table 2 below. 
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-rohio i Perac-^ Ajad Form. Unions (All % w/w| 



Formulation % PAA 
A * 
B 5 
A A = acetic acid; PAA = 



Table 



%AA %H202 
47 2 
8 20 
peracetic acid 



Mole Ratio AA : PAA 
15:1 
1.6: 1 




Formulation 

A 
A 
B 
B 



Concentration 

800 
1600 

800 
1600 



LRF after time (minutes) 
5 10 

4.1 5.4 
Total Kill Total Kill 

1.9 2.4 

3.2 4.0 



10 



The results given in Table 2 clearly show that at both concentrations of 
parage act the virucidal performance o, » 
present invention) is greatly superior to that of Formulat.cn B (not accord.ng 

the invention). 



PT- y- 3 SBbJffiy «t P-nrwk- asid in Hard ww» BM°°s 

Samples of hard water containing 192 ppm permanent hardness 
is ppm temporary hardness (expressed as CaC0 3 ) ware .noculated to a 

< Tooc w"h sodium thiosulphete solution. The results are g,ven ,n Table 3 
below. 



20 
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Table 3 Stability of Peracetic A cid in Hard Water 



Peracetic Acid Concentration (ppm) 



Formulation 
0 



1 min 
30 min 
120 min 



A B 

20 20 

16.2 5.3 

14.8 4.2 

14.5 1.8 



24 hrs 



7.1 



The results in Table 3 clearly show that for 20 ppm peracetic acid, the 
5 stability of formulation A (according to the present invention) is superior to the 
stability of formulation B (not according to the present invention) when the 
formulations are diluted with hard water. 

Fxamnle 4 Residual Activity of Perace tic Acid 
L0 The residual activity and disinfection performance of the formulations given 
in Table 4 below were evaluated in a suspension test against a mixed culture o1 
4 asporogenous bacteria, Escherichia coli . PReurinmonas aeruginosa. 
Staphylococcus aureus and Streptococcus faecalis , as an initial inoculum of 1.2 
x 10 6 colony forming units/ml (cfu/ml), and as a rechallenge inoculum of 2.6 x 
15 10 3 cfu/ml after 2 days, and 2.1 x 10 3 cfu/ml after 9 days. The conditions 
employed were a temperature of 20°C, water having 100- 120 ppm hardness 
as CaC03, and in the presence of 4 g/l yeast extract. 

The viable cell counts were determined after contact times of 10 minutes, 
and then at intervals over 14 days by one tenth dilution into a universal 
20 neutraliser containing 0.25% w/w catalase to prevent further activity and then 
by decimal dilutions of the neutraliser with Maximal Recovery Diluent. The 
dilutions were plated out on Plate Count Agar, incubated for 48 hrs at 37°C, 
and the plate counts measured. The results are given in Table 4 below. 
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TghU, 4-. B^it* of Bisip i sCliaD ami Residual AcTivity Trial 

in the table, AA = acetic acid; PA = propionic acid; PAA = peracetic acid 

5 Formulation Number of Viable Organisms after (time) cfu/rnl 

Acid'PAA 

Mole ratio ISJDin JU!9X 3-daYS Ifl^s l^aia 

Water only • 3.3x1 0 6 6 .7x1 0 8 3.5x1 0 9 4 . 7x 1 0 9 6.5x1 0 9 7 .3x109 

105 OOppmAA - 3x,06 2.4X106 3.7X107 3.1X108 2 .9X 10 8 4.1X 10 7 
SOOppm PA ■ 3.8X106 3.4X106 5x10 7 2.4x1 0 8 2 . 2x 1 0 8 4.8x1 0 7 

30ppmPAA 2.4:1 2.4x103 lAtl0 « 2.3x109 ,. 1x10 > B.1x10» 6.9x1 0 9 
15 + 56ppmAA 

30ppm PAA 19.5:1 460 <10 860 9.2x10* 7.2x1 0 6 9x1 0 5 

+ 5O0ppm PA 
+ 56ppm A A 

30ppm PAA 23.5:1 160 <10 685 7.6x1 0 3 2.5x10* 3.9x1 0 6 
+ 556ppm AA 

The results given in Table 4 show that the compositions according to the 
25 present invention, ie those with a mole ratio of a.iphatic acid to peracd of 

greater than 5 : 1 give superior initial disinfection compared to the compos.fon 
not according to the present invention. This is surprising as the acids alone do 
not have any significant disinfectancy. The good residual activity of 
compositions according to the present invention is clearly demonstrated by he 
30 resu«ts for 3 days. These results are 24 hours after a challenge with 2 6x10 
cfu/ml. The results for both compositions according to the present mvent.on 
are extremely low compared to the results for the other ■ A 

similar pattern of results is demonstrated for the results after 10 and 14 days, 
showing the consistently better performance of compositions accord.ng to the 
35 present invention. 
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Fxamnle 5- Vegetab le Disinfection. 

Samples of chopped iceberg lettuce were contacted for 5 minutes at room 
temperature with peracetic acid solutions prepared by diluting compositions of 
formula A and B above, and formulation C below with water having 1 34ppm 
5 permanent and 1 80ppm temporary hardness as CaCC-3 to give the 

concentrations of peracid given in Table 5 below. After the contact time, the 
lettuce was washed for 2 minutes with a 5g/l sodium thiosulphate solution 
rinse. The samples were stored for 3 days at 4°C, and then their physical 
appearance and bacterial count determined. The bacterial count was obtained 
10 by stomaching 10g of lettuce in MRD, then serial dilution in MRD, and then 

plating out on Plate Count Agar for 2 days incubation at 30°C. The results are . 
given in Table 5 below, expressed as a Log Reduction Factor (LRF) over an 
untreated control. 



15 Table 5. Results of V egetable Disinfection Trial 

The control had 8.4 x 10 5 colony forming units per cm 3 after 3 days 



Formulation PAA Concentration LRF after 3 Days 

A 50 ppm 1-81 

B 50 ppm 0.16 

C 50 ppm 1 -09 

A 100 ppm 2.92 

B 100 ppm 0.97 

C 100 ppm 1-78 



Formulation % PAA %AA %H202 Mole Ratio AA : PAA 
C 1 9 6 1 1 .4 : 1 

20 

The results of this trial show that the results obtained in vegetable disinfection 
are significantly better in terms of microbial contamination and physical 
condition for formulations A and C (according to the present invention), 
particularly for formulation A, than the results for treatment with formulation E 
25 (not according to the present invention). 
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ExamDle 6 Bacterio static. Performance 

^ pm peracetic acid so.utions were produced by aqueous di.ut.or .of 
peracetic acid formulations according to formulations A (accord.ng to the 
Invention) and B (not according to the invention) in Example 2 above. In 
5 add-on, a 100 PP m peracetic acid so.ution was produced by aqueous , d.iut.on 
of a third formulation. D. Formulation D (not according to the »nvent,on) 
comprised 15'/o w/w peracetic acid, 14% w/w hydrogen perox.de and 28 / 
w/w acetic acid, with a mole ratio of acetic acid to peracet.c ac.d of 2.4 . . 
The solutions were evaluated in duplicate for bacterio stasis aga.nst 
10 P^mmi^m^ and Sl3 phyJ^ fi ^^ * the German DGHM 

Standard Method. The results are given in Table 6 below, where a - 

indicates no growth and a " + " indicates growth. 

Pseudomonas Staphylococcus 

aureus 



15 aeruginosa 

Duplicate 1 * 
Formulation 

A 

B + + 

D + + 



1 2 



+ + 
+ + 



20 



From the results in Tab.e 6. it can clearly be seen that the 

acceding to the present invention, formulation A was the only formulate 



gave bacteriostasis. 



25 
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Claims 

1. Compositions comprising an aqueous solution of an aliphatic peracid, the 
corresponding aliphatic acid, hydrogen peroxide, and optionally one or more 
other aliphatic acids, characterised in that the mole ratio of aliphatic acid to 
peracid is greater than 5:1. 

2. Compositions with improved activity against viruses which comprise an 
aqueous solution of at least one aliphatic peracid, at least one aliphatic acid and ^ 
hydrogen peroxide, characterised in that the mole ratio of aliphatic acid to 
peracid is greater than 5:1. 

3. Compositions with improved stability when diluted with hard water which 
comprise an aqueous solution of at least one aliphatic peracid at least one 
aliphatic acid and hydrogen peroxide, characterised in that the mole ratio of 
aliphatic acid to peracid is greater than 5:1. 

4. Compositions with improved residual activity which comprise an aqueous 
solution of at least one aliphatic peracid, at least one aliphatic acid and 
hydrogen peroxide, characterised in that the mole ratio of aliphatic acid to 
peracid is greater than 5:1. 

5. A virucidal process in which a substrate which may be contaminated with 
viruses is contacted with an aqueous solution of at least one aliphatic peracid 
at least one aliphatic acid and hydrogen peroxide, characterised in that the 
mole ratio of aliphatic acid to peracid is greater than 5:1. 

6. A process for producing a dilute aqueous solution of an aliphatic peracid 
having improved stability in which a concentrate containing an aliphatic 
peracid, aliphatic acid and hydrogen peroxide is diluted with hard water, 
characterised in that the mole ratio of aliphatic acid to peracid is greater than 
5:1. 

7. A microbicidal process having improved residual activity in which a 
substrate which may be contaminated by micro-organisms is contacted with an 
aqueous solution of at least one aliphatic peracid at least one aliphatic acid and 
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hydrogen peroxide, characterised in that the mole ratio of aliphatic acids to 
peracid is greater than 5:1- 

8. A composition or process accordino to any preceding claim characterised in 
that the peracid solution comprises up to about 2% by weight of the diluted 
solution. 

9 A composition or process according to claim 8 characterised in that the 
peracid solution comprises from about 0.001 % to about 1 % by weight of the 
diluted solution. 

10 A composition or process according to claim 9 characterised in that the 
peracid solution comprises from about 0.002% to about 0.75% by weight of 
the diluted solution. 

1 1 A process for the disinfection of fruit and vegetables, employing as a 
disinfectant an aqueous solution of at least one aliphatic peracid at least one 
aliphatic acid and hydrogen peroxide, characterised in that the mole rat.o of 
aliphatic acids to peracid is greater than 5:1. 

12. A process according to claim 1 1 characterised in that the peracid solution 
comprises up to about 0.2% by weight of the diluted solution. 

13. A composition or process according to claim 12 characterised in that the 
peracid solution comprises from about 0.0001 % to about 0.1 % by weight of 
the diluted solution. 

14 . A composition or process according to claim 13 characterised in that the 
peracid so.ution comprises from about 0.0005% to about 0.05% by we.ght of 
the diluted solution. 

15 A composition or process according to any preceding claim, characterised 
in that the mole ratio of aliphatic acids to peracid is from about 10 : 1 to about 
40 : 1. 

16. A composition or process according to claim 15, characterised in that the 
mole ratio of aliphatic acids to peracid is from about 1 3 : 1 to about 25 : 1 , 
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17. A composition or process according to any preceding claim in which the 
peracid is supplied as a dilutable concentrate, characterised in that the peracid 
comprises greater than about 0.1% by weight of the concentrate. 

1 8. A composition or process according to claim 1 7 in which the peracid is 
supplied as a dilutable concentrate, characterised in that the peracid comprises 
from about 0.5% to about 20% by weight of the concentrate. 

19. A composition or process according to claim 18 in which the peracid is 
supplied as a dilutable concentrate, characterised in that the peracid comprises 
from about 1% to about 15% by weight of the concentrate. 

20. A process according to any one of claims 5 to 19, characterised in that the 
process is carried out at a temperature of greater than about 10°C. 

21. A process according claim 6, characterised in that the hard water contains 
from about 75ppm to about 1500ppm water hardness, expressed as CaC03. 

22. A process according to claim 1 1, characterised in that the peracid 
treatment is followed by a subsequent treatment with a reducing agent solution 
selected from the group consisting of alkali metal salts of sulphite, 
metabisulphite, thiosulphate; and ascorbic acid. 

23. A process according to claim 22, characterised in that the reducing agent is 
sodium thiosulphate. 

24. A process according to claim 22, characterised in that the reducing agent is 
employed at a concentration of from about 0.5g/l to about 50g/l. 

25. A process according to claim 24, characterised in that the reducing agent is 
employed at a concentration of from about 1g/l to about IOg/1. 

26. A process or composition according to any preceding claim, characterised 
in that the aliphatic peracid is selected from the group consisting of low 
molecular weight aliphatic peroxyacids containing up to 6 carbon atoms and 
hydroxy-peracids. 
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27 A process or composition according to claim 26, characterised in that the 
aliphatic peracid is selected from peracetic acid, perpropionic acid, perbutync 
acid, persuccinic acid, perglutaric acid and peradipic acid. 

28. A process or composition according to any preceding claim, characterised 
in that the or other aliphatic acid is acetic acid or propionic ac.d. 

29. Any novel microbicidal process or composition substantially as described 
herein with reference to the Examples. 

30 Any novel microbicidal process or composition substantially as described 
herein with reference to any novel feature or combination of features. 
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